In this study, porous ceramsite carrier was modified using magnetic material as raw material. The magnetic porous ceramsite carrier was applied to the treatment of municipal landfill leachate. 
INTRODUCTION
The main treatment process of municipal solid waste (MSW) is landfill (Janetta et al. ; Beylot et al. ) , and about 90% of MSW in China is dealt with by the landfill method. Garbage leachate is wastewater that comes from the output in the process of storage and landfill due to the leaching of fermentation and precipitation, surface water and groundwater soak. Its composition is complicated, containing high concentrations of NH 3 -N, poisonous, harmful pollutants and heavy metal pollutant Cr 6þ in garbage leachate which harm the environment and the human body.
However, the pollutants have been ignored by some enterprises, thus causing long-term adverse effects to human health (Gálvez et 
).
The biological contact oxidation process is currently a practical method of wastewater treatment (Zeng et al. ) , and has been widely used in various wastewater treatments. Biological reactor carrier is an important index of measurement of the reactor water treatment performance.
Carrier material commonly is by polymer injection molding and this kind of carrier has biological affinity and oxygen mass transfer performance defects such as poor performance, causing low pollutants degradation rate in the reactor, so that the water treatment effect is not ideal (Yu et al. ; An et al. ) . Nearly all the magnetic field strengthening biodegradation technologies are based on laboratory studies. This is because the addition of external magnetic field to practical wastewater treatment equipments is difficult due to the large volumes. However, modified magnetic carrier in the biofilm reactor is relatively easier to implement in real life. Similarly, the addition of nutrients and magnetic substances to polymer base material could form a novel magnetic biocompatible and hydrophilic packing.
The magnetic and metabolism or co-metabolism effects of microorganisms can significantly improve the carrier surface wettability and mass transfer performance (Pan & Zhang ) . Therefore, the biofilm formation life cycle could be decreased and the wastewater treatment efficiency improved, especially for the treatment of organic wastewater which is toxic and hard to degrade.
In this study, porous ceramsite was magnetically modified with a simple achievable method and applied in the treatment of garbage leachate.
EXPERIMENT Materials
The high porosity porous ceramsite was prepared in our previous research (Cheng et al. ) . The preparation of magnetic ceramsite was as follows: (1) 10 g of Fe 3 O 4 was mixed with 200 mL Na 2 SiO 3 ; (2) 300 g of porous ceramics particles were added to the prepared solution and stirred for 5 min; (3) the ceramics particles were separated and dried in an oven at 100 W C for 6 hr, followed by sintering to 500 W C in an electric furnace and kept for 1 hr; (4) after cooling down to room temperature, the ceramics particles were increased 10% by mass weight. A high porous magnetic ceramic was obtained (Cheng et al. ) . 
Analysis method
Chemical composition of the sludge was analyzed by Dutch PAN analytical Axios X-ray fluorescence spectrometer. Ceramsite phase composition was determined by the German Bruker 8D-advance production-type XRay instrument. Cross-section morphology of the sample was observed by JSM-6700F scanning electron microscope (SEM). The sample water absorption Wa, porosity Pa, and the volume density D were determined with hydrostatic 
RESULTS AND DISCUSSION

Porous ceramsite characterizations
The X-ray diffraction (XRD) of the test samples are shown in Figure 2 . The analysis results shows that the main crystalline phase of sintering samples is calcium melilite Ca 2 Al 2 SiO 7 .
Ingredients containing SiO 2 , Al 2 O 3 , formed in the firing process of the silicate in the crystal structure have a siliconoxygen tetrahedron. Si-O total key force is a strong covalent bond, and therefore its structure is stable, with good resistance to erodibility.
The SEM image is shown in Figure 3 . It can be seen that the internal ceramsite has numerous ravines and pore 
Influent at different aeration rate
The aeration rate is an important factor affecting aerobic biological treatment effect. Excessive aeration rate increases equipment power and operating costs; at the same time, it produces greater hydraulic shear stress and strong erosion to the biofilm. It is not conducive to microbial attachment on the carrier and grows too long cycle of generations of nitrifying bacteria. Excessive aeration can also produce microbes faster into the endogenous respiration period, and reduce the activity of the microorganisms and cause a decline in the treatment effect in the biological contact oxidation pond, or even cause system collapse completely. The amount of aeration is too small, it cannot guarantee the aerobic requirement of the microorganisms in the reactor and affect microbial activity, and it cannot achieve the treatment effect on degradation of COD and NH 3 -N effectively.
The experiment is carried out in the four reactors, the amount of aeration in the reactor successively increased 
Influent at different temperatures
Water temperature is an important factor in affecting the growth of the microorganism and the gas mass transfer. Survival of aerobic microorganisms is best at 25 W C, at which temperature the microbials grow better, biofilm update is fast, and the efficiency of output water is best. The experiment was processed in December to January in the laboratory; the water temperature changed with the temperature, the lowest temperature being maintained at À3
to 5 W C for 4 weeks; NH 3 -N and COD changes were observed in the entire period.
1# and 2# are daily temperature, and the highest and the lowest temperature is always changing in the experimental processing, but because the experiment is in late December, the lowest temperature range is À3 to 5 W C everyday; 3# and 4# are controlled temperature by the heating rod to be maintained between 20 and 30 W C. 1# and 3# reactors are the non-magnetic carrier; 2# and 4# are the magnetic carrier.
It can be seen from Figure 8 , the removal efficiency of NH 3 -N and COD decreases when the temperature is lower. However, the output of concentration in the magnetic carrier is less than in the non-magnetic carrier during the low temperature environment. This additional magnetic carrier can provide resistance to low temperature during biological contact oxidation.
Removal of Cr 6þ heavy metal ions enzyme-catalyzed complexation, flocculation and coprecipitation role, as well as the pH of the buffer role. Cr 6þ is reduced to Cr 3þ , and then becomes Cr(OH) 3 precipitation, which can achieve the removal of Cr 6þ in landfill leachate.
Magnetic fields sludge reduction and biofilm biofacies observation
The physical and chemical nature of the tested ceramic particles did not change after 30 days testing because the porous ceramsite is made of inorganic ceramic material and has good resistance corrosion and greater strength.
MLSS and biofilm amount were determined within the two reactors after running continuously for 30 days, and the results are shown in Table 2 . It can be seen from Table 2 that 
CONCLUSIONS
For landfill leachate treatment in the magnetic reactor, the removal of COD and NH 3 -N was about 90%, under the The biological treatment of wastewater requires a simple process, low processing costs and good treatment effect. The microbial magnetic effect is significant for the development of biological wastewater treatment. This paper for the first time uses porous ceramsite which has been magnetically modified with a simple and achievable method.
